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Abstract 
Focusing on radiative properties (absorption and scattering coefficient, scattering phase-function) of silicon carbide foams, 
several predictive models are compared to spectral transmittance and reflectance measurements (bi-directional and directional-
hemispherical) in the aim of determining new correlations based on ceramic foam characteristics (struts/pores size and porosity). 
A mono-dimensional modeling is developed to solve Navier-stokes equations (conservation of mass and momentum) and energy 
equations (coupled heat transfers) inside the absorber. Several radiative models are tested to approximate the radiative transfer 
equation end compute the radiative source term (Rosseland, P-1 model, and two-flux approximation). Numerical simulations are 
compared to reference results obtained with Monte-Carlo algorithm using net-exchange formulation. 
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1. Introduction  
Radiative heat transfer inside porous medium is thoroughly studied in many systems such as burners, chemical 
catalysts, and concentrated solar power. The present article will focus on volumetric solar absorbers made of 
reticulated porous ceramics (RPC) made of Silicon Carbide (SiC) and modelling radiative heat transfer inside those 
high temperature solar absorbers. 
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For a better understanding of radiative properties of ceramic foams and reticulate porous ceramics made of silicon 
carbide, reflectance and transmittance measurements are conducted. Identification methods are used to identify the 
extinction, absorption and scattering coefficients from experimental data. Then, combined heat and flow transfers are 
modelled with three different radiative approximations: the Rosseland conductivity model, the P-1 model, and the 
Two-Flux approximation. To base our numerical study on a reference case, a Monte-Carlo algorithm is used to solve 
the radiative equation and get reference results. 
 
Nomenclature 
Latin symbols 
ܣ Aperture surface ሾ݉ଶሿ 
ܣ௩ Specific surface ሾ݉ଶǤ݉ିଷሿ 
ܥ௣ Specific heat ሾܬǤ ݇݃ିଵǤ ܭିଵሿ 
݀௖ Cell diameter ሾ݉݉ሿ 
݀௣ Pore diameter ሾ݉݉ሿ 
ܦ Diffusive coefficient of P–1 model ሾ݉ሿ 
ܧ Amount of energy ሾܬሿ 
Ԧ݂ Volumetric force ሾܰǤ ݇݃ିଵሿ 
ܩ Total irradiation ሾܹǤ݉ିଶሿ 
݄௩ Convective heat transfer coef. ሾܹǤܭିଵǤ݉ିଶሿ 
݅ Luminance ሾܹǤ݉ିଶǤ ݏݎିଵሿ 
݅௕ Black-body luminance ሾܹǤ݉ିଶǤ ݏݎିଵሿ 
ܭଵ Permeability coefficient ሾ݉ଶሿ 
ܭଶ Inertial coefficient ሾ݉ሿ 
݇ Thermal conductivity ሾܹǤ݉ିଵǤ ܭିଵሿ 
݇௔ Absorption coefficient ሾ݉ିଵሿ 
݇ௗ Scattering coefficient ሾ݉ିଵሿ 
݇ோ Radiative conductivity ሾܹǤ݉ିଵǤ ܭିଵሿ 
ሶ݉  Mass flow rate ሾ݇݃Ǥ ݏିଵሿ 
ܲ Pressure ሾܲܽሿ 
௔ܲ௧௠ Atmospheric pressure ሾܲܽሿ ሬܳԦ Flux vector ሾܹǤ݉ିଶሿ 
ݍ௥ Radiative flux ሾܹǤ݉ିଶሿ 
ݍ௥ǡ௟௢௦௦ Radiative losses ሾܹǤ݉ିଶሿ 
ݍ௦௢௟௔௥  Solar flux ሾܹǤ݉ିଶሿ 
ݎ Specific Ideal Gas constant of air 
ܵ Source term ሾܹǤ݉ିଷሿ 
ݏ Sample thickness ሾ݉݉ሿ 
ܶ Temperature ሾܭሿ 
ݑ Fluid velocity ሾ݉Ǥ ݏିଵሿ 
ݒԦ Velocity vector ሾ݉Ǥ ݏିଵሿ 
Greek symbols 
ߙ Absorptivity / absorptance ሾെሿ 
ߚ Extinction coefficient ሾ݉ିଵሿ 
ߝ Porosity ሾെሿ 
ߟௌଶ் Solar-to-thermal efficiency ൣȂ ൧ 
ߠ Direction angle ሾݎܽ݀ሿ 
ߣ Wavelength ሾɊ݉ሿ 
ߣ௕௨௟௞ Conductivity of bulk material ሾܹǤ݉ିଵǤ ܭିଵሿ 
ߤ Dynamic viscosity ሾܲܽǤ ݏሿ 
ߩ Density ሾ݇݃Ǥ݉ିଷሿ 
ߪ Stefan-Boltzmann constant 
߬௢௣௧ Optical thickness ൣȂ ൧ 
߮ Solar flux ሾܹǤ݉ିଶሿ 
߱ Scattering albedo ሾെሿ 
 
Composed symbols 
ܪܦܴ Hemispherical-directional reflectance ሾെሿ 
ܪܦܶ Hemispherical-directional transmittance ሾെሿ 
ܰݑ Nusselt number ሾെሿ 
ܴ݁ Reynolds number ሾെሿ 
ȟܪ௙  Out-in fluid enthalpy difference ሾܬǤ ݇݃ିଵሿ 
 
Superscripts and subscripts 
ܺሺ଴ሻ Zeroth moment of P-N development 
ܺሺଵሻ First moment of P-N development 
ܺሺାሻ Forward direction 
ܺሺିሻ Backward direction 
ܺכ Effective physical quantity 
௙ܺ Relative to fluid 
௜ܺ௡ Relative to inlet 
ܺ௢௨௧ Relative to outlet 
ܺ௦ Relative to solid 
ఒܺ Spectral physical quantity 
 
2. Radiative properties of SiC foams 
Several works have already been done to obtain radiative properties of RPCs, and we may identify three major 
ways: 1- identification based on transmittance and reflectance measurements [1,2,3,4]; 2- the Ray Tracing Method 
(RTM) inside 3D reconstructed geometry (3D numerical foams) [2,3,5]; 3- a geometrical optics approach based on 
idealized foam structures [6,7,8]. 
The first method has been used on different levels depending on how detailed you need to get the radiative 
properties : for instance, extinction coefficient is obtained from transmittance measurements; absorption and 
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scattering coefficients are obtained from transmittance and reflectance measurements; the scattering phase function 
is obtained from such directional measurements. 
The second method is quite new compared to the two others and involve Monte-Carlo ray tracing algorithms to 
be able to compute the radiative properties. It requires a numerical 3D foam structure with surface condition. 
The final method is more complex to use, because of the difficulties to obtain the struts dimensions of ceramic 
foam. They are considered as the scatterers and absorbers inside the porous medium and correlations are based on 
their geometrical characteristics (length, thickness, geometry and orientation). 
Here, we will obtain radiative properties of SiC foams using an identification model based on transmittance and 
reflectance measurements. 
2.1. Experimental radiative properties identification 
Measurements were conducted at the PROMES Laboratory using a directional-hemispherical reflectometer 
(SOC100-HDR from Surface Optics Corporation) made of an elliptic reflective dome (two focal points). At the 
moment, spectral measurements were done in the wavelength range ʹ െ ͳͷߤ݉ (infrared). Results were obtained for 
two types of measurements: Hemispherical-Directional Reflectance (HDR) and Hemispherical-Directional 
Transmittance (HDT). 
The absorptance was obtained as in Eq.1: it is a “volumetric” absorptance, taking into account the scattered then 
absorbed rays inside the sample. 
ߙఒ ൌ ͳ െ ܪܦܴఒ െ ܪܦ ఒܶ   (1) 
Different pore size and porosity were tested, for samples (25×25 mm) with various thicknesses (see table 1). 
 
Table 1. Sic foam samples characteristics. 
Sample 
number 
Sample 
#1 
Sample 
#2 
Sample 
#3 
Sample 
#4 
Sample 
#5 
Porosity ͲǤ͹Ͷͺ ͲǤ͹ʹʹ ͲǤ͹ͻ͸ ͲǤ͹͸ʹ ͲǤͺʹ͵ 
Pore diameter 
ሾ݉݉ሿ 
ͳǤͲ͵ ͲǤͻ͵͵ ͳǤʹͷ ͳǤ͵ʹ ͳǤͲ͹ 
Thicknesses 
ሾ݉݉ሿ 
ʹǤͷͺ (a) 
͵ǤͶͶ (b) 
ͳǤͺ͸ (a) 
͵Ǥͳ͹ (b) 
ʹǤͲʹ (a) 
ʹǤͻͷ (b) 
ͳǤ͸ͷ (a) 
ʹǤ͸͵ (b) 
ʹǤͻ͵ 
 
Figure 1. Spectral HDR and HDT measurements and 
volumetric absorptance for sample #1a. 
2.2. Identification method 
As a first approach, identification was made using Bouguer’s law (also called Beer-Lambert’s law), assuming 
proportional dependence between sample thickness and HDT logarithm (Eq.2): 
ߚఒ ൌ ି௟௡ሺு஽்ഊሻ௦    (2) 
In a second time, to make distinction between absorption and scattering coefficients the Fresnel number ܨ ൌ
ܽଶ ሺߣݎሻΤ  is used to determine whether diffraction occurs inside RPCs (ܽ is the distance between the diffracter and 
the screen (here, the distance between two struts corresponding to the mean cell size), ߣ is the wavelength of the 
incident radiation and ݎ is the dimension of the diffracter (here, the struts)). For the studied RPCs, typical values are 
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ܽ ൌ ͳ݉݉ (mean cell size) and ݎ ൌ ͲǤʹ݉݉ (struts diameter), which lead to Fresnel numbers in the range ͵͵͵ െ
ʹͷͲͲ. As this value is larger than unity, we may neglect diffraction and scattering is only due to reflection. 
It finally assumes the scattering albedo to be equal to the sum of HDR and HDT (߱ఒ ൌ ܪܦܴఒ ൅ ܪܦ ఒܶ). Thus, 
absorption and scattering coefficients are obtained as in Eq.3: 
൜ ݇௔ ൌ ߙఒߚఒ݇ௗ ൌ ሺͳ െ ߙఒሻߚఒ   (3) 
3. Modeling of solar volumetric absorber 
3.1. Equation model 
3.1.1. Assumptions 
 
The 1D model of combined flow and heat transfer in the porous absorber is based o several assumptions: a) The 
fluid (air) is an Ideal Gas; b) Because of the large temperature variation of the fluid, its thermal properties are 
considered temperature dependent; c) Because of the lower temperature variation of the solid phase, its thermal 
properties are considered constant; d) The solid phase (SiC) is supposed radiatively grey; e) The incident solar 
power is perfectly diffuse and uniform; f) The flow is supposed laminar inside the porous medium; g) The effective 
medium characteristics are supposed uniform (porosity and pore diameter); h) The steady state is established; i) The 
heat due to viscous effects and volume compression is neglected; j) No volumetric forces (gravity) are applied to the 
fluid; k) Wall effects are neglected inside the absorber (1D geometry). 
3.1.2. Flow equations 
 
The 1D continuity equation allows us to obtain the fluid velocity from the mass flow rate: 
݀௫ሺߩݑሻ ൌ Ͳ ՜ ݑ ൌ ௠ሶఘ஺   (4) 
The 1D momentum equation is given by: 
݀௫ ቀఘ௨௨ఌ ቁ ൌ െߝ݀௫ܲ െ ߝݑ ቀ
ఓ
௄భ ൅
ఘ
௄మ ݑቁ   (5) 
Combining Eq.4 and Eq.5 allows us to transform the momentum equation into a pressure equation: 
െ݀௫ܲ ൌ ቀ௠ሶ஺ఌቁ
ଶ ݀௫ ቀଵఘቁ ൅
ఓ
௄భ
௠ሶ
ఘ஺ ൅
ఘ
௄మ ቀ
௠ሶ
ఘ஺ቁ
ଶ
   (6) 
3.1.3. Energy equations 
 
The local thermal non-equilibrium model is used to obtain separately the fluid temperature and the solid structure 
temperature (named after solid temperature). Thus, the energy equation for the fluid phase is: 
݀௫൫ߩܥ௣ ௙ܶݑ൯ ൌ ݀௫൫݇௙݀௫ ௙ܶ൯ ൅ ݄௩൫ ௦ܶ െ ௙ܶ൯   (7) 
And the energy equation for the solid phase is: 
Ͳ ൌ ݀௫ሺ݇௦כ݀௫ ௦ܶሻ ൅ ݄௩൫ ௙ܶ െ ௦ܶ൯ െ ݀௫ݍ௥   (8) 
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The radiative source term ሺെ݀௫ݍ௥ሻ (divergence of radiative flux) is computed using different radiative models. 
3.1.4. Radiative models 
 
Several approximations exist to solve the radiative transfer equation in different medium. Concerning porous 
medium, the same assumption is commonly supposed: equivalent homogeneous medium. So far, different models 
could be used to model radiative heat transfer inside porous medium used as volumetric solar receiver: the 
Rosseland conductivity [9,10], the P-1 model [11,12], the two-flux approximation [13], and Monte-Carlo [14]. 
The work in here is to compare these models in the case of a solar absorber made of silicon carbide ceramic 
foam. So, as said in the introduction, three radiative models are tested and compared to Monte-Carlo results 
(reference results). 
3.1.4.1. Rosseland conductivity model 
 
This radiative approximation is the simplest to be accounted for. It is used for optically thick media, where 
optical thickness is much greater than unity (߬௢௣௧ ب ͳ). 
So far, we know than the Rosseland conductivity model is not adapted for solar power modeling, because errors 
are large near boundaries. However, we still have tested it in the aim of proving or invalidating its use in the case of 
volumetric solar absorber. 
The Rosseland approximation assumes radiation inside the medium to behave as thermal diffusion. Thus, the 
radiative flux is only affected by close neighbors and is written as follow [15]: 
ݍ௥ ൌ െ ଵ଺ఙଷఉ ௦ܶଷ݀௫ ௦ܶ ൌ െ݇ோ݀௫ ௦ܶ   (9) 
Finally, its implementation is realized by modifying the conduction term in the energy equation for the solid 
phase: 
Ͳ ൌ ݀௫ሾሺ݇௦כ ൅ ݇ோሻ݀௫ ௦ܶሿ ൅ ݄௩൫ ௙ܶ െ ௦ܶ൯   (10) 
3.1.4.2. P–1 model 
 
This radiative model comes from the general P–N method, involving spherical harmonics series – also called the 
moment method. For the P–1 model, the major hypothesis assumes isotropic radiation inside the medium (see Fig. 
2). Its development leads to consider the zeroth and first spherical harmonics [16]: 
݅ ൌ ଵସగ ൣ݅ሺ଴ሻ ൅ ͵ ܿ݋ݏ ߠ ݅ሺଵሻ൧ ൌ
ଵ
ସగ ሾܩ ൅ ͵ ܿ݋ݏ ߠ ݍ௥ሿ  (11) 
As detailed in [16], the closure condition for the P-1 model allows us to find a relation between the zeroth 
(݅ሺ଴ሻ ൌ ܩ) and the first (݅ሺଵሻ ൌ ݍ௥) spherical harmonics: 
൝
݀௫ݍ௥ ൌ ݇௔ሺͶߨ݅௕ െ ܩሻ
ଵ
ଷఉ ݀௫ܩ ൌ െݍ௥
   (12) 
Combining Eq.12 leads to a diffusion equation with source term to obtain the total irradiation 
. 
െ݀௫ሺܦ݀௫ܩሻ ൌ ݇௔ሺͶߪ ௦ܶସ െ ܩሻ   (13) 
Once we have the total irradiation from Eq.13, we are able to compute the radiative source term using first Eq.12. 
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3.1.4.3. Two-flux approximation 
 
This approximation is a specific case of a more general method called the discrete ordinates method. In here, the 
ͶɎ steradians are discretised and radiative transfer equation is solved along the optical path for each discretized 
solid angle (i.e. for each direction). 
Concerning the two-flux approximation, the directions are separated into two hemispheres noted ሺ൅ሻ for the 
forward direction and ሺെሻ for the backward direction. Thus, we have a set of two equations, respectively for the 
forward luminance ݅ሺାሻ  and the backward luminance ݅ሺିሻ  [17], assuming that they are isotropic over each 
hemisphere (see Fig.1): 
ቐ
ଵ
ଶఉ ݀௫݅ሺାሻ ൌ ሺͳ െ ߱ሻ݅௕ െ ݅ሺାሻ ൅
ఠ
ଶ ൣ݅ሺାሻ ൅ ݅ሺିሻ൧
െ ଵଶఉ ݀௫݅ሺିሻ ൌ ሺͳ െ ߱ሻ݅௕ െ ݅ሺିሻ ൅
ఠ
ଶ ൣ݅ሺାሻ ൅ ݅ሺିሻ൧
  (14) 
Several relations may be obtained from these assumptions, and before solving the equations: 
- The total luminance is obtained by summing the forward and backward contributions; 
- The total irradiation is obtained by integrating luminance over all directions; 
- The radiative flux is obtained by integrating luminance times  Ʌ over all directions. 
ቐ
݅ ൌ ݅ሺାሻ ൅ ݅ሺିሻ
ܩ ൌ ʹߨൣ݅ሺାሻ ൅ ݅ሺିሻ൧
ݍ௥ ൌ ߨൣ݅ሺାሻ െ ݅ሺିሻ൧
  ሺͳͷሻ
And finally, the radiative source term is computed the same way than Eq.12: 
െ݀௫ݍ௥ ൌ ݇௔൛Ͷߪ ௦ܶସ െ ʹߨൣ݅ሺାሻ ൅ ݅ሺିሻ൧ൟ  ሺͳ͸ሻ
The implementation is then realized the same way as for the previous radiative model: 
Ͳ ൌ ݀௫ሺ݇௦כ݀௫ ௦ܶሻ ൅ ݄௩൫ ௙ܶ െ ௦ܶ൯ െ ݇௔൛Ͷߪ ௦ܶସ െ ʹߨൣ݅ሺାሻ ൅ ݅ሺିሻ൧ൟ  (17) 
 
Figure 2. Qualitative luminances form of P–1 model (left) and Two-Flux 
approximation (right). 
 
Figure 3. Solid temperature profiles inside the absorber after 
convergence. 
3.1.5. Boundary conditions 
 
Here, we assume a volumetric medium with no physical front surface. This leads to the following boundary 
condition treatments depending on the radiative approximation used in the modeling. 
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3.1.5.1. Navier-Stokes boundary conditions 
 
The modeled absorber is an atmospheric air absorber. So far, the pressure boundary condition is the outlet 
pressure, fixed as the atmospheric pressure to match the future experimental conditions for model validation: 
௢ܲ௨௧ ൌ ௔ܲ௧௠  ሺͳͺሻ
3.1.5.2. Energy boundary conditions 
 
The inlet temperatures boundary conditions are as follow: 
൜ ௙ܶǡ௜௡ ൌ ௔ܶ௠௕݀௫ ௦ܶȁ௜௡ ൌ Ͳ   ሺͳͻሻ
We also suppose thermal equilibrium with environment at outlet, leading to: 
ቊ݀௫ ௙ܶห௢௨௧ ൌ Ͳ݀௫ ௦ܶȁ௢௨௧ ൌ Ͳ
  ሺʹͲሻ
3.1.5.3. Radiative boundary conditions 
 
For all radiative models, the form of the boundary condition is the following: 
൜ݍ௥ǡ௜௡ ൌ ݍ௦௢௟௔௥ǡ௜௡ െ ݍ௥ǡ௟௢௦௦ ൌ ߮ െ ݍ௥ǡ௟௢௦௦ݍ௥ǡ௢௨௧ ൌ Ͳ   ሺʹͳሻ
Thus, every radiative model has its specific formulation of this boundary condition: 
- Rosseland conductivity model – here, we take into account the emission losses from the inlet of the volumetric 
medium without reflection and back-scattering, as radiation is totally absorbed and then behaves as conduction 
(this boundary condition replaces the solid temperature boundary condition previously exposed); 
൜െ݇ோ݀௫ ௦ܶȁ௜௡ ൌ ߮ െ ߙߪሺ ௦ܶ
ସ െ ௔ܶ௠௕ସ ሻ
െ݇ோ݀௫ ௦ܶȁ௢௨௧ ൌ Ͳ   ሺʹʹሻ
- P-1 model – the radiative losses come from the luminance form (quasi-isotropic), considering half of inlet total 
irradiation; 
ቐ
െ ଵଷఉ ݀௫ܩȁ௜௡ ൌ ߮ െ
ீ೔೙
ଶ
െ ଵଷఉ ݀௫ܩȁ௢௨௧ ൌ Ͳ
  ሺʹ͵ሻ
- Two-flux approximation – the set of two equations depending on the direction allow us to separate the solar 
component of the luminance (݅௜௡ሺାሻ), and the radiative losses (݅௜௡ሺିሻ) obtained after convergence; 
ቐ
݅௜௡ሺାሻ ൌ ఝగ
݅௢௨௧ሺିሻ ൌ ఙ ೞ்
ర
గ
  ሺʹͶሻ
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3.2. Properties models 
3.2.1. Fluid thermal properties 
 
The fluid density is given by the Ideal Gas law: 
ߩ ൌ ௉௥்೑  ሺʹͷሻ
The specific heat ୮ , the dynamic viscosity Ɋ  and the thermal conductivity ୤  are temperature dependent 
polynomial relations: 
൞
ܥ௣ ൌ ͳͲ͸Ͳ ൅ ͲǡͶͶͻ ௙ܶ ൅ ͳǡͳͶ ή ͳͲିଷ ௙ܶଶ െ ͺ ή ͳͲି଻ ௙ܶଷ ൅ ͳǡͻ͵ ή ͳͲିଵ଴ ௙ܶସ
ߤ ൌ ͳǡͳ͵ ή ͳͲି଺ ൅ ͹ǡͲ͸ ή ͳͲି଼ ௙ܶ െ Ͷǡͺ͹ ή ͳͲିଵଵ ௙ܶଶ ൅ ʹǡ͸͸ ή ͳͲିଵସ ௙ܶଷ െ ͸ǡͳʹ ή ͳͲିଵ଼ ௙ܶସ
݇௙ ൌ െ͵ǡͻͶ ή ͳͲିସ ൅ ͳǡͲʹ ή ͳͲିସ ௙ܶ െ Ͷǡͺ͸ ή ͳͲି଼ ௙ܶଶ ൅ ͳǡͷʹ ή ͳͲିଵଵ ௙ܶଷ
 ሺʹ͸ሻ
3.2.2. Solid thermal properties 
 
The effective thermal conductivity of the solid phase was obtained from [18]: 
݇௦כ ൌ ሺଵିఌሻଷ ߣ௕௨௟௞  ሺʹ͹ሻ
3.2.3. Pressure drop coefficients 
 
The pressure equation given by the momentum equation takes into account the pressure drop due to the porous 
medium, involving the viscous permeability ଵ  and the inertial permeability ଶ . Those two parameters were 
numerically obtained conducting simulation on ideal tetrakaidecahedron-mesh foam structure, and experimentally 
validated at ambient temperature [19]. We suppose its validity at high fluid temperature. 
ቐܭଵ ൌ
ௗ೎మ
ଵ଴ଷଽିଵ଴଴ଶఌ
ܭଶ ൌ ௗ೎଴ǡହଷ଼ఌషఱǡళయవ
  ሺʹͺሻ
3.2.4. Convective heat exchange 
 
Using adimensional correlations based on volumetric Nusselt number and Reynolds number, the convective heat 
transfer coefficient was numerically obtained from simulation [20]. 
ۖە
۔
ۖۓ ܰݑ௩ ൌ ௛ೡௗ೎௞೑
ܴ݁ ൌ  ఘ௨ௗ೎ఓ
ܰݑ௩ ൌ ʹǡͲ͸ͻ͸ܣ௩ܴ݁଴ǡସଷ଼
  ሺʹͻሻ
Involving ideal tetrakaidecahedron-mesh foam structure, the specific surface area was calculated from the 
following relation: 
ܣ௩ ൌ ି଼ǡଶ଻଼ఌ
బǡయఴାହ଻ǡଷ଼ସఌభǡయఴିଵ଴଺ǡ଺ଷఌమǡయఴାଽହǡ଻ହ଺ఌయǡయఴିଷ଻ǡଶସఌరǡయఴ
ௗ೎  ሺ͵Ͳሻ
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3.2.5. Radiative properties 
 
As a first approach, the radiative properties were computed using Hendricks & Howell model [1]. Thus, two 
relations allow us to obtain the absorption coefficient and the scattering coefficient (supposing isotropic scattering 
phase-function). 
ቐ
݇௔ ൌ ͶǤͺߙ ሺଵିఌሻௗ೛
݇ௗ ൌ ͶǤͺሺͳ െ ߙሻ ሺଵିఌሻௗ೛
   (31) 
4. Numerical comparison 
Post-processing of results lead to compute the fluid enthalpy and the solar-to-thermal efficiency as follow: 
ߟ௦ଶ௧ ൌ ௠ሶ ௱ு೑ఝ஺ ൌ
௠ሶ ׬ ஼೛ௗ்
೅೑ǡ೚ೠ೟
೅೑ǡ೔೙
ఝ஺    (32) 
In the aim of finding the best radiative model to compute the radiative source term for 1D modeling of volumetric 
solar air receiver, we will compare temperature fields for the three presented radiative models to Monte-Carlo 
results (see table 4). 
Table 2. Simulation results after convergence for all radiative models. 
Model Rosseland P–1 model Two-flux approximation Monte-Carlo 
Calculation time ͲǤ͹͸ݏ ͳǤ͵ͻݏ ͲǤͻ͵ݏ ̱ʹǤͷͳ݄
Energy residual ͲΨ െ͹Ǥ͸ͺ ή ͳͲିସΨ െͳǤͺͶ ή ͳͲିଷΨ 
Inlet solid temperature ͳͳͺ͵ܭ ͹Ͷ͹ܭ ͳͲ͹͵ܭ ͳͲͷͶܭ
Outlet fluid temperature ͻͻͳܭ ͹Ͳ͸ܭ ͳͲͲʹܭ ͻͻͳܭ
Pressure drop െ͸͸ͷܲܽ െͶͲͷܲܽ െ͸͹ͳܲܽ െ͸͸Ͳܲܽ
Solar-to-thermal efficiency ͺ͹Ǥͷ͸Ψ ͶͻǤͻͳΨ ͺͺǤͻ͵Ψ ͺ͹Ǥͷ͹Ψ
 
After convergence of all simulations, temperature profiles were obtained (see Fig.3). 
Due to the specific form of the luminance for the P–1 model (see Fig.1), radiative losses are overestimated 
leading to a lower fluid temperature (െʹͺͲ compared to Monte-Carlo). 
As expected, the Rosseland conductivity is not accurate near the boundary (higher inlet solid temperature), but is 
accurate inside the absorber (ȟୱ ൏ ͲǤͷ). 
Concerning the two-flux approximation, solid temperature profile is very close to the Monte-Carlo results, with 
average temperature difference about ͳ͵. 
5. Conclusion 
First measurements were obtained for several foam samples (different porosity and pore diameter) with various 
thicknesses. The Bouguer’s law was used as a first approach to obtain the spectral radiative coefficients. 
The future steps are to conduct spectral measurements in the visible and near-IR wavelength range, and to use 
other identification methods (such as Monte-Carlo to obtain the phase-function). 
 
Based on the comparison of different radiative heat transfers models, the two-flux approximation should be used 
when optimization algorithms will be implemented in the 1D geometry. An experimental validation of the model is 
still needed, and will be done as soon as possible. 
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